Two-dimensional CrI3 has attracted much attention as it is reported to be a ferromagnetic semiconductor with the Curie temperature around 45K.
Introduction
Two-dimensional (2D) materials have launched great concern theoretically and experimentally because of their unique electronic and optoelectronic properties. [1] [2] Typically, graphene, which is consisted of six carbon atoms in a honeycomb lattice, is a zero-gap semimetal with the carrier mobility being reported up to ~10 5 cm 2 V -1 s -1 . 3 When it is chemically decorated with added atoms or cut into 1D nanoribbons, it will exhibit tunable electronic and magnetic properties. [4] [5] [6] When combined with other 2D materials to form the van der Waals (vdW)
heterostructures, 7 they would exhibit much more interesting physical properties. 6, 8 Besides graphene, other 2D materials from semiconducting black phosphorus 9 to transition metal dichalcogenides [10] [11] [12] to insulating hexagonal boron nitride 13 have also been identified as important candidates for the post-silicon electronic and optical devices. 14 However, none of them is reported to exhibit intrinsic magnetism, which limits their application in spintronics. 15 Theorists predicted that most 2D materials are nonmagnetic because the thermal fluctuations under finite temperature would break the spontaneous symmetry. 16 However, a composite of monolayer Cr 2 Ge 2 Te 6 is reported to be ferromagnetic recently, which is regardless of the restriction. 17 The rising of Cr 2 Ge 2 Te 6 paves a new way in searching the long-range Ising ferromagnetism in atomically thin 2D materials, where an intrinsic magnetocrystalline could exist because of the reduction of the crystal symmetry. 18 Very recently, another ferromagnetic semiconductor chromium triiodide (CrI 3 ) appears in the research field again 19 because of its high Curie temperature in the monolayer. 20 Upon carrier doping, room-temperature magnetism is observed in CrI 3 due to its flat band structure. [21] [22] [23] Both experimental and theoretical research shows that monolayer CrI 3 is a ferromagnetic semiconductor. 18, 24 When increasing the number of the layers, ferromagnetic order is persisted within each layer, but the antiferromagnetic coupling dominates different layers. 8 Moreover, the ferromagnetic and antiferromagnetic state can be switched on and off by changing the external gate voltage. 18 When it forms heterostructures with other 2D materials like graphene, it also exhibits some topological insulating properties. 25 However, all these are concluded from a fact that CrI 3 is a ferromagnetic semiconductor with equilibrium lattice constant. 20 On the other hand, strain plays an important role in determining the physical properties of 2D materials. Considering a fact that typically, CrI 3
is transferred on the substrate of SiO 2 and on other 2D materials after exfoliation, 20 the intrinsic physical properties of CrI 3 would be affected by the substrate due to the lattice-mismatch-induced strain. [26] [27] The atomic structure of monolayer CrI 3 is shown in Figure 1a , which can be simply imaged as a √ √ super cell of 1T SnS 2 with one point vacancy of Sn atom. [33] [34] [35] It belongs to space group C2/m containing two formula units. 36 The optimized lattice parameters are calculated to be a = b = 6.978 Å and c = 21.476 Å, which is in good agreement with the x-ray diffraction data 37 and previous DFT results 24 . Both spin-unpolarized and spin-polarized calculations are performed to get an overview of the ground state of monolayer CrI 3 . Our result shows that the ferromagnetic (FM) state is more favorable in energy, which is 63 meV lower than the We have shown above that pristine CrI 3 is a ferromagnetic semiconductor with the magnetic moment on Cr atoms being 3.106 µ B. To understand the mechanism of the biaxial-strain-induced electronic phase transition from MM to HM to HS to SS, we examined the projected density of states (PDOS) of CrI 3 under various strain as shown in Figure   5 . Our result shows that the low-energy electronic properties of 
Conclusions
In summary, we have systematically investigated the electronic and 
Computational Methods
All our simulations were carried out by performing spin-polarized density functional theory (DFT) calculations as implemented in the Vienna ab initio Simulation Package (VASP). 43 The Perdew-BurkeErnzerhof (PBE) pseudopotentials 44 within the general gradient approximation (GGA) 45 were used to describe the electron exchange and correlation interactions and the energy cutoff of 520 eV was set. The Brillouin zone was represented by a 12*12*1 mesh for the geometry optimization and the total energy calculation. And for the DOS calculation, a much denser grid of 24*24*1 was used. The atomic structure was fully relaxed with the energy convergence being 10 -5 eV. To avoid the interlayer interaction between adjacent images, the vacuum was set to be 21 Å normal to the monolayer.
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